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Seismic-Imaging Research Cruise Investigates Deepwater 
Gas Hydrate Deposits in the Gulf of Mexico
By Patrick E. Hart, Seth Haines, and Carolyn Ruppel 

Interest is mounting in the possibil-
ity that gas hydrate—a naturally occur-
ring ice-like substance that contains vast 
quantities of methane—might be a viable 
source of natural gas. A research cruise 
by the U.S. Geological Survey (USGS) 
Gas Hydrates Project in the northern Gulf 
of Mexico in spring 2013 shed new light 
on that possibility. The 15-day cruise was 
conducted by USGS scientists and techni-
cians with partial fi nancial support from 
the U.S. Department of Energy (DOE) 
and the U.S. Bureau of Ocean Energy 
Management (BOEM). The scientifi c 
surveys focused on sites in the deepwater 
Gulf where 2009 drilling had revealed 
thick sections of gas-hydrate-rich res-
ervoir rocks (http://soundwaves.usgs.
gov/2009/07/fi eldwork2.html). The 2013 
cruise imaged sediments deep beneath the 
seafl oor in and around two of the drilled 
areas, Green Canyon and Walker Ridge 
(see map). The primary objectives were to 
constrain the saturation of gas hydrate (the 
percentage of available pore space in the 
sediment that is fi lled by gas hydrate) and 
to produce high-quality imagery of faults, 
sediment layers, and gas-related features 
in the sediments above the gas hydrate 
deposits. The new high-resolution imaging 
will enable the most detailed interpretation 
to date of the distribution, saturation, and 
geologic setting of gas hydrate and associ-
ated free gas at these sites.

Gas hydrate is a naturally occurring 
ice-like compound that forms in sediment 
when water and certain gases combine at 
the pressure and temperature conditions 
common at ocean depths greater than ap-
proximately 500 meters (1,600 feet) and in 
areas of continuous permafrost. Methane, 
popularly known as natural gas, is the gas 

most often trapped in gas hydrate deposits. 
Gas hydrate concentrates large amounts of 
methane into compact crystals and global-
ly sequesters far more methane than exists 
in proven natural-gas reserves. There is 
substantial interest in gas hydrate as a po-
tential energy resource—Japan produced 
methane from deepwater gas hydrate 
deposits for the fi rst time in March 2013 
(http://soundwaves.usgs.gov/2013/04/
research.html). The USGS Gas Hydrates 
Project (http://woodshole.er.usgs.gov/
project-pages/hydrates/) studies energy-
resource issues, as well as the interaction 
of gas hydrates and the climate system (for 
example, see http://soundwaves.usgs.
gov/2012/06/) and the potential contribu-

tion of gas hydrates to seafl oor destabili-
zation. Ongoing studies characterize and 
quantify gas hydrate deposits beneath 
many of the world’s continental margins 
and in permafrost areas. 

To image deep gas hydrate-rich sedi-
ments during the 2013 cruise, scientists 
used a high-resolution multichannel 
seismic (MCS) refl ection system and 
ocean bottom seismometers (OBS). Both 
systems make use of acoustic (sound) 
energy. For the MCS refl ection surveys, 
seismic sources were towed behind the 
vessel to produce low-energy sound waves 
that traveled to and beneath the seafl oor, 
refl ecting off surfaces with contrasting 

Stars show the sites of seismic surveys conducted on the research vessel Pelican in April 
and May 2013 to image previously identifi ed deepwater gas hydrate deposits in the northern 
Gulf of Mexico.



2July/August 2013    Sound Waves

Sound Waves

Editor
Helen Gibbons

Santa Cruz, California
Telephone: (831) 460-7418

E-mail: hgibbons@usgs.gov
Fax: (831) 427-4709

Print Layout Editors
Susan Mayfi eld, Sara Boore

Menlo Park, California
Telephone: (650) 329-5066

E-mail: smayfi el@usgs.gov; sboore@yahoo.com
Fax: (650) 329-5051

Web Layout Editor
Jolene Gittens

St. Petersburg, Florida
Telephone: (727) 803-8747 Ext. 3038

E-mail: jgittens@usgs.gov
Fax: (727) 803-2032

SOUND WAVES (WITH ADDITIONAL LINKS) IS 
AVAILABLE ONLINE AT URL
http://soundwaves.usgs.gov/

Fieldwork

Fieldwork, continued

Submission Guidelines

Deadline:  The dead line for news items and 
pub li ca tion lists for the November/December is-
sue of Sound Waves is Wednesday, September 
18, 2013. 
Publications:  When new publications or 
prod ucts are re leased, please no ti fy the ed i tor 
with a full reference and a bulleted sum ma ry 
or description.
Images:  Please sub mit all images at pub li ca-
 tion size (col umn, 2-column, or page width). 
Resolution of 200 to 300 dpi (dots per inch) 
is best. Ado be Illustrator© fi les or EPS fi les 
work well with vector fi les (such as graphs or 
di a grams). TIFF and JPEG fi les work well with 
ras ter fi les (pho to graphs or rasterized vec tor 
fi les).

Any use of trade, fi rm, or product names is for 
descriptive purposes only and does not imply 
endorsement by the U.S. Gov ern ment.

U.S. Geological Survey 
Earth Science Information Sources:

Need to fi nd natural-science data or
information? Visit the USGS Frequently Asked 
Ques tions (FAQ’s) at URL http://www.usgs.
gov/faq/

Can’t fi nd the answer to your question on 
the Web? Call 1-888-ASK-USGS

Want to e-mail your question to the USGS?
Send it to this address: ask@usgs.gov

Contents

Fieldwork 1
Research 8
Outreach 13
Meetings 15
Awards 16
Publications 17

(Gas Hydrate continued from page 1)

(Gas Hydrate continued on page 3)

physical properties, particularly different 
densities. The returning sound energy was 
received by 72 hydrophones (underwa-
ter microphones) arrayed in a 450-meter 
(1,500 foot) digital streamer that is owned 
by the USGS. The data were recorded on 
shipboard computers and then processed 
to yield a cross-section, or side view, of 
sediment layers beneath the seafl oor (see 
example above).

An OBS is an instrument that is de-
ployed on the seafl oor, where it records 
the seafl oor motion produced either by 
earthquakes or by artifi cial sound sources 
(http://woodshole.er.usgs.gov/operations/
obs/whatobs.html). The 25 OBS used 
during the 2013 cruise are partially man-
aged by the USGS and were supplied by 
the Woods Hole Oceanographic Institution 
(WHOI). These OBS recorded signals 
and tiny seafl oor vibrations caused by the 
same sound sources as used by the MCS 
system. Each OBS employed a hydro-
phone like those in the MCS system to 
record energy waves transmitted through 

the water and a geophone to record energy 
waves transmitted through the seafl oor. 
The geophone recorded vertical seafl oor 
motion and two directions (at right angles 
to one another) of horizontal seafl oor mo-
tion. Thus each OBS collected what are 
referred to as “four-component” data—one 
component from the hydrophone and three 
components (three directions) from the 
geophone. Because much of the energy 
recorded by the OBS traveled paths at a 
wide angle from vertical, the OBS data are 
also called “wide-angle.” 

Sound energy travels through the water 
as compressional waves (P-waves, like 
compression waves in a slinky; see http://
web.ics.purdue.edu/~braile/edumod/
waves/Pwave.htm), but in sediment lay-
ers beneath the seafl oor, part of the energy 
is converted into shear waves (S-waves, 
like waves in a rope; see http://web.ics.
purdue.edu/~braile/edumod/waves/
Swave.htm). Shear waves cannot travel 
through fl uid and so are not recorded 

High-resolution seismic-refl ection image collected during a research cruise to study sites with 
high saturations of gas hydrate in the northern Gulf of Mexico in April and May 2013. The data 
were collected at Walker Ridge, where a well drilled in 2009 (red) revealed the distribution of gas 
hydrates and methane gas in the sediments. Water depth at the well is approximately 2,000 meters 
(6,500 feet). Magenta and (much thinner) blue lines correspond to sediment layers, which mostly 
dip westward. Sand layers with high concentrations of gas hydrate are marked, but hydrate also 
occurs elsewhere in this sedimentary section. (Dips appear steeper than they actually are, owing 
to a vertical exaggeration of nearly 3 to 1.)
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by hydrophones. The OBS geophones, 
however, can record shear waves as well 
as compressional waves, thus providing 
information not available from the MCS 
system. This information yields clues 
about the composition of sediment layers, 
including whether or not the pores contain 
gas hydrate and free gas.

The 2013 seismic cruise continues a 
long tradition of interagency cooperation 
and coordination among the USGS, DOE, 
and BOEM to advance national research 
and development objectives related to de-
termining the viability of gas hydrates as 
a potential energy resource. These groups 
collaborated with a Chevron-led industry 
consortium to conduct the 2009 gas hy-
drate-drilling program in the Gulf of Mexi-
co (http://soundwaves.usgs.gov/2009/07/
fi eldwork2.html). The USGS Gas Hy-
drates Project (http://woodshole.er.usgs.
gov/project-pages/hydrates/), the DOE 

National Methane Hydrates R&D Program 
(http://www.netl.doe.gov/technologies/
oil-gas/futuresupply/methanehydrates/
maincontent.htm), and BOEM (http://
www.boem.gov/) jointly funded the 2013 
seismic program, which was conducted by 
the USGS during around-the-clock opera-
tions from April 18 to May 3 aboard the 
research vessel (R/V) Pelican.

The 35-meter (115 foot) R/V Pelican 
(http://www.lumcon.edu/pelican/) is a 
University-National Oceanic Laboratory 
System (UNOLS) vessel operated by the 
Louisiana Universities Marine Consortium 
(LUMCON) and home-ported in Cocodrie, 
Louisiana. Seth Haines, of the USGS 
Energy Resources Program (ERP, http://
energy.usgs.gov/), Denver, Colorado, and 
Patrick Hart, of the Coastal and Marine 
Geology Program (CMGP, http://marine.
usgs.gov/), Santa Cruz, California, were 
co-chief scientists on the cruise. Additional 
science crew included Thomas O’Brien, 
Wayne Baldwin, and Eric Moore (CMGP, 
Woods Hole, Massachusetts) and Ray 
Sliter, Jenny White, Pete Dal Ferro, and 
Rob Wyland (CMGP, Santa Cruz). Tim 
Kane and Peter Lemmond (WHOI) ran 
the OBS shipboard operations. 

The seismic data-acquisition equipment 
was installed on the Pelican over a 3-day 
period beginning April 16. After a 20-
hour transit during the night of April 18 
to the fi rst study site in the Green Canyon 
area, work began with deployment of a 
pattern of 21 OBS in water approximately 
2,000 meters (6,500 feet) deep. Once 
these OBS were in place, MCS data 
acquisition commenced. The 72-channel 
digital hydrophone streamer was deployed 
along with three depth-controller “birds” 
to maintain the 450-meter (1,500 foot)
streamer at a constant 3-meter (10 foot) 
depth below the sea surface. A pair of 
generator-injector (GI) air guns was used 
as a low-energy sound source to provide 
the signal recorded by the digital streamer 
and the OBS. Lamont-Doherty Earth 
Observatory loaned these GI air guns to 
the USGS for use on this project. Air-
gun operations were conducted under 
guidelines in an Incidental Harassment 
Authorization (IHA) issued to the USGS 
by the National Marine Fisheries Service 

(http://woodshole.er.usgs.gov/project-
pages/environmental_compliance/). 
Two contracted Protected Species Visual 
Observers were onboard during the cruise 
to ensure compliance with the IHA. 

A closely-spaced grid of 65 two-di-
mensional (2D) seismic-refl ection profi les 
and longer OBS-appropriate seismic lines 

Tim Kane (left) and Peter Lemmond (Woods 
Hole Oceanographic Institution) deploying an 
ocean bottom seismometer (OBS) from the 
research vessel Pelican to study gas hydrates 
in the deepwater Gulf of Mexico. The OBS will 
free-fall to the seafl oor and record data that 
provide information about the geometry and 
composition of sub-seafl oor sediment layers. 
To recover the OBS, an acoustic (sound) signal 
sent from the ship will trigger the release of the 
anchor (the fl at metal plate suspended below 
the yellow housing), and the OBS will fl oat to 
the surface. USGS photograph taken in April 
2013 by Patrick Hart.

USGS technicians (left to right) Tom O’Brien, 
Eric Moore, and Wayne Baldwin deploy the 
seismic streamer from the stern of the research 
vessel Pelican to collect data on gas hydrates 
in the deepwater Gulf of Mexico. USGS photo-
graph taken in May 2013 by Robert Wyland.

USGS technicians Eric Moore (left) and Jenny 
White deploy air guns (silver cylinders), com-
pressor hose (black), and orange buoys at the 
start of a seismic survey to explore gas hy-
drates in the deepwater Gulf of Mexico. USGS 
photograph taken in May 2013 by Patrick Hart.
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totaling 397 kilometers (nearly 250 miles) 
were recorded at the Green Canyon site, 
centered on the 2009 gas hydrate drilling 
locations. The OBS were recovered after 
completion of the MCS acquisition, and 
the Pelican transited to the Walker Ridge 
site, where the OBS and MCS operations 
were repeated. Twenty-fi ve OBS were 
deployed, and 450 kilometers (about 280 
miles) of 2D data along 43 profi les were 
acquired at Walker Ridge. Data acquisition 
was completed on May 2, and the Pelican 
was back at LUMCON in Cocodrie on 
May 3. (Additional information about the 
cruise, including maps of the ship’s track, 
is posted at http://walrus.wr.usgs.gov/
infobank/p/p0113la/html/p-01-13-la.
meta.html.)

Preliminary processing of the MCS data 
was completed at sea soon after the ac-
quisition of each line. This onboard proc-
essing provided continuous quality control 
and enabled underway adjustments to be 
made to the pre-planned program. The 
preliminary MCS seismic images show 
dramatic improvements in vertical resolu-
tion in comparison with available private-
sector data at the two study sites. Increased 
resolution is critical for the interpretation 
of these gas hydrate deposits, which the 
2009 logging-while-drilling data (data col-
lected during drilling by instruments posi-
tioned behind the drill bit) have shown to 
be considerably thinner than the resolution 
possible with the previously available seis-
mic-refl ection data. The seismic-refl ection 
image on page 2 shows an example of the 
new MCS data from the Walker Ridge site. 

(Gas Hydrate continued from page 3)

Final processing of the MCS and OBS 
data is currently underway. OBS data-
processing efforts are focusing on: 

• Determining the velocities of both 
P- (compressional) and S- (shear) 
waves through the imaged layers, 
which yield information about the 
composition of the layers, includ-
ing whether they contain gas hy-
drate, and 

• Creation of images based on the 
refl ection of P-waves from bound-
aries between sediment layers (like 
the images produced by the MCS 

system) and images based on the 
conversion of P-waves to S-waves 
at boundaries between layers 
(which yield different information 
not available to the MCS system). 

On the basis of the quality and volume 
of seismic data acquired, the USGS 2013 
Gulf of Mexico gas hydrate research 
cruise was highly successful. The data 
processing and interpretation phases are 
just beginning, but the outlook is prom-
ising for a much more detailed under-
standing of gas hydrates in the Gulf of 
Mexico.

Seismic equipment is craned off the research vessel Pelican at the dock in Cocodrie, Louisiana, after 
a 15-day expedition to explore gas hydrates in the deepwater Gulf of Mexico. USGS photograph taken 
May 2013 by Patrick Hart.

Deep-Sea Instrument Tripod Passes Test in Monterey Bay, California—
Next Stop is South China Sea
By Helen Gibbons, George Tate, and Jingping Xu

A deepwater tripod system designed 
by the U.S. Geological Survey (USGS) 
will be the fi rst of its kind to be deployed 
on the bottom of the South China Sea at 
depths approaching 3,000 meters (10,000 
feet). Instruments mounted on the tripod 
will gather data to help scientists better 
understand how and where deep-seafl oor 
sediment moves and accumulates. Such 

knowledge can be applied in deep waters 
adjacent to the United States as well, to 
determine where contaminated sediment 
is likely to accumulate, for example, or to 
choose favorable sites for undersea cables 
and other infrastructure.

The free-ascending tripod, or FAT, was 
designed by George Tate, head of the 
Marine Facility (MarFac) of the USGS 

Pacifi c Coastal and Marine Science Center 
in Santa Cruz, California. Tate and engi-
neering technician Peter Harkins built the 
tripod at MarFac, and on February 6, 2013, 
a team from the science center—Tate, 
Harkins, Hank Chezar, Joanne Ferreira, 
Kurt Rosenberger, and Jingping Xu—
tested the new system at the Santa Cruz 
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Municipal Wharf. The tripod passed with 
fl ying colors, clearing it for use later this 
year in the project “In-Situ Observation of 
Bottom Currents and Sediment Transport 
in the Northeastern South China Sea,” 
a study co-sponsored by the USGS and 
Tongji University (http://www.tongji.edu.

cn/english/; see related Sound Waves story 
at http://soundwaves.usgs.gov/2012/06/
staff.html). The project is funded by the 
National Natural Science Foundation 
of China (NSFC, http://www.nsfc.gov.
cn/e_nsfc/desktop/zn/0101.htm). USGS 
participation is headed by Jingping Xu.

Project scientists working in the South 
China Sea will collect current and sedi-
ment data in the layer of water just above 
the seafl oor—called the “bottom boundary 
layer”—at depths of 2,000 meters (6,500 
feet) to 3,000 meters (10,000 feet). In the 
bottom boundary layer, sediment and bio-
logical particles on the seafl oor interact 
with the near-bed currents, a process that 
determines why and how these particles 
are resuspended into the water column 
or deposited and accumulated on the 
seafl oor. The scientists aim to better un-
derstand (1) bottom-boundary-layer pro-
cesses and (2) the circulation of near-bed 
currents in the deep basin of the region. 
These currents are thought to hold the 
keys to understanding the source, trans-
port, and deposition of the deep-sea sedi-
ment and the evolution of the basin-scale 
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New USGS deepwater tripod, called the free-ascending tripod, or FAT. A, Sitting on the Santa Cruz 
Municipal Wharf in Santa Cruz, California, and B, suspended from a crane before being lowered 
into water. Some of the instruments mounted on the tripod have been labeled. USGS photographs 
taken February 6, 2013, by George Tate.
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USGS personnel adding pieces of syntactic 
foam (composed of glass microspheres embed-
ded in resin) that will provide buoyancy to raise 
the tripod to the surface for recovery. Left to 
right: Jingping Xu, Hank Chezar, Kurt Rosen-
berger, and Peter Harkins. USGS photograph 
taken February 6, 2013, by George Tate.

sediment deposits. Using a platform that 
sits on the bottom, like the new deepwater 
tripod, is the most effi cient way to collect 
near-seabed data continuously for a long 
period of time.  

The new tripod is a stainless-steel frame 
approximately 2 meters (6.5 feet) tall, with 
a triangular base about 4 meters (13 feet) 
on a side. It weighs approximately 900 
kilograms (nearly 2,000 pounds) in air and 
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has a deployed buoyant weight of about 110 
kilograms (240 pounds). The tripod carries 
a suite of acoustic (sound-based) and opti-
cal (light-based) instruments for measuring 
current velocity, temperature, and sediment 
concentration in the bottom boundary layer. 
Many of the instruments make simultane-
ous measurements at different heights above 
the seafl oor, creating vertical “profi les” 
of the properties being measured. A high-
defi nition camera system takes photographs 
of the ocean fl oor to record variations over 
time in seafl oor morphology (shape) and 
bioturbation (mixing of seafl oor sediment 
by burrowing organisms). 

What makes the new tripod unusual is 
the mechanism for raising it from the deep 
seafl oor to the surface so that the data it 
has collected can be recovered. Similar 
tripods used to collect bottom-boundary-
layer data in relatively shallow water on 
the continental shelf are fi tted with buoys 
attached to a coiled recovery line. An 
acoustic (sound) signal sent from a vessel 
at the sea surface triggers the release of the 

A, Sites in South China Sea where the USGS deepwater tripod and about a dozen moorings will 
collect data to shed light on sediment movement and accumulation on the seafl oor. Red dots, sites 
of instrumented platforms. Green triangles, sites of Ocean Drilling Program (ODP; http://www-odp.
tamu.edu/) boreholes. Long-dashed yellow line, hypothesized route of deep contour-following 
current entering from the Pacifi c Ocean. Short-dashed yellow line, hypothesized alternative route 
of deep current from the Pacifi c. B, Seismic-refl ection profi le along line a–b on map, showing 
sediment layers in an apparent contourite (deposited by contour currents). Simplifi ed drawings 
indicate where scientists intend to place the tripod (TJ-A-2) and several moorings (TJ-A-1, TJ-A-3, 
TJ-A-4). C, Enlarged map of line c–d, showing sites (red dots) where groups of moorings will be 
placed along the axis of a submarine canyon (Formosa Canyon).

Success! The tripod, now lacking its footpads, 
has been lifted out of the water after rising by 
itself to the surface (note slack winch line in 
inset photograph). USGS photographs taken 
February 6, 2013, by Jingping Xu.

(Deep-Sea Tripod continued on page 7)

(Deep-Sea Tripod continued from page 5)
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buoys, which rise to the surface pulling 
one end of the recovery line with them. 
Scientists can then motor to the buoys, 
attach the recovery line to a winch cable, 
and pull the tripod off the bottom and 
onto the deck. Such release systems are 
limited to a maximum depth of approxi-
mately 200 meters (650 feet). Because of 
this limitation, current measurements in 
the deep ocean are typically collected by 

instruments attached to a long mooring—a 
line with a large fl otation package at the 
surface and a heavy anchor at the seabed. 
The heavy anchor makes unobstructed 
near-bed fl ow measurements extremely 
diffi cult. Tripods permit more open fl ow 
near the seabed, and so the USGS team 
developed a system for recovering a tripod 
from the deep seafl oor. 
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Release 
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Groove Ball

RopeA

B
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E

Ball-lock release sequence for releasing tripod leg from footpad. 
A, Five stainless-steel balls (greenish blue in this diagram) fi t into 
holes in the footpad coupling cone (gray), which is welded to the 
footpad. In the locked position, these balls are trapped between 
the groove in the release shuttle (blue) and the wall of the leg shaft 
(gray). Tension in the high-strength fi ber rope (brown) attached to 
the release shuttle keeps the footpad coupling cone and attached 
footpad from separating from the tripod leg. B, An acoustic signal 
from the surface activates a transponder that releases tension in 
the rope, allowing the tripod legs to begin to rise via lift provided 
by the syntactic foam on the upper frame of the tripod. Slack in 
the rope allows the release shuttle to rest on the footpad while the 
leg shaft rises. The footpad coupling cone holds the balls in place 
between the release shuttle groove and the leg shaft as they slide 
along the interior surface of the leg shaft. C, As the tripod leg con-
tinues to rise, the balls reach the level of the enlarged radius at the 
base of the leg shaft, allowing for sideways movement. D, When 
there is no more slack in the rope, the release shuttle rises with 
the leg and the balls are pushed outward by the slanted groove in 
the shuttle. E, The balls have fallen out of the holes in the footpad 
coupling cone. Free of the heavy footpads, the tripod will continue 
rising until it reaches the surface.

Rather than buoys that pull a recovery 
line to the surface, the new USGS tripod 
is fi tted with buoyant material that raises 
the entire tripod to the surface—hence 
the name free-ascending tripod. The tri-
pod’s recovery buoyancy is provided by 
hydrodynamic pieces of syntactic foam (a 
moldable material made of glass micro-
spheres embedded in resin) that surround 
the instrument bay in the upper section of 
the tripod. The anchor weight is provided 
by the three low-profi le lead-and-stainless-
steel footpads at the ends of the legs. The 
footpads are attached by high-strength fi -
ber rope to a pair of redundant acoustic re-
leases in the instrument bay. (Ideally, both 
of these devices will respond to a release 
command sent from the vessel, but the 
tripod will be freed for ascent even if only 
one of them works.) The rope supplies 
tension to a locking mechanism at the end 
of each leg that keeps the footpad fi rmly 
attached to the leg. When an acoustic com-
mand is sent from a vessel at the surface, 
the tension on the rope slackens, the lock-
ing mechanism releases, and the tripod de-
taches from the footpads, which remain at 
the seafl oor. The syntactic foam provides 
nearly 300 kilograms (about 650 pounds) 
of buoyancy, which raises the tripod to the 
surface for recovery. The release coupling 
employs an innovative, simplifi ed design 

developed specifi cally for the new tripod 
(see diagram at right).

When deployed, the USGS deepwater 
tripod will join a dozen or so moorings to 
form the largest fi eld campaign ever con-
ducted for deep-sea sediment-transport re-
search in the South China Sea. The results 
are expected to improve understanding of 
factors that infl uence sedimentation in the 
region, including:

• distribution of near-bottom ocean 
currents in the study area, 

• turbidity currents and the mecha-
nisms that trigger them, 

• processes that determine whether 
particles in the bottom boundary 
layer remain suspended in the wa-
ter or settle on the seafl oor, and

• sources and pathways of the bot-
tom sediment that has accumulated 
in the study area.

Knowledge gained from the research 
can be applied in practical ways; examples 
include siting of deep-sea cables and other 
infrastructure; assessment of hazards re-
lated to submarine landslides, including 
tsunamis; and determination of whether 
and where polluted sediments are likely to 
accumulate on the deep seafl oor.

For more information, contact Jingping 
Xu, jpx@usgs.gov, or George Tate, 
gtate@usgs.gov.
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Predicting Hurricane-Induced Coastal Change—USGS Publications Will Help 
Community Planners, Emergency Managers 
By Vic Hines, Hilary Stockdon, and Hannah Hamilton

The probability of hurricane-induced 
coastal change on sandy beaches from 
Florida to New York has been assessed for 
the fi rst time in two U.S. Geological Survey 
(USGS) studies released on July 1, 2013.

The two reports—one assessing the 
coastline from Florida to North Carolina, 
the other from Virginia to New York—can 
function as part of a “virtual toolkit” for 
U.S. Atlantic coast community planners 
and emergency managers as they make 
decisions on how to best address coast-
line vulnerabilities. The new publications 
complement a 2012 report on the hur-
ricane vulnerability of the U.S. Gulf of 
Mexico coast (http://soundwaves.usgs.
gov/2012/10/research4.html).

The new reports show that during even 
the weakest hurricane, a category 1 with 
winds between 74 and 95 miles per hour, 
89 percent of the dune-backed beaches 
from Florida to New York are very likely 
(probability exceeds 90 percent) to experi-
ence dune erosion during a direct landfall. 
But scientists involved say the strength 
of the studies is in their ability to predict 
coastal change in specifi c areas.

An associated online mapping tool 
(http://coastal.er.usgs.gov/hurricanes/
erosionhazards/), based on a USGS state-
of-the-art model, will allow community 
planners and emergency managers to focus 
on a specifi c storm category and see the 
predicted coastal change in their area. The 
tool incorporates fi ndings from the two 
new reports on the Atlantic coast as well 
as the 2012 report on the Gulf of Mexico 
coast. The information it provides can 
help planners and managers with decisions 
ranging from changing building codes and 
choosing locations for new construction to 
determining the best evacuation routes for 
future storms.

“The USGS has been working on iden-
tifying storm-driven coastal-change haz-
ards for more than a decade,” said Hilary 
Stockdon, co-author of the studies and 
research oceanographer with the USGS 
St. Petersburg Coastal and Marine Science 
Center in St. Petersburg, Florida. “The 

data collected and modeling capabilities 
developed during that period are what’s 
enabled us to complete these regional as-
sessments of predicted coastal change, 
providing key information to decision 
makers working to build more resilient 
communities and take actions to protect 
lives and property before storms hit.”

For the entire Atlantic coast study area, 
the modeling also shows that during a 
category 1 hurricane, storm waves are 
expected to increase water levels at the 
shoreline by approximately 150 percent 
above storm-surge levels. For example, in 
a category 1 storm with a surge of 2 meters 
(about 6 feet), waves would raise water 
levels at the shoreline by an additional 3 
meters (10 feet), for a total water elevation 
of 5 meters (16 feet). Results show that 
waves play a signifi cant role in elevating 
water levels during lower category storms, 
whereas storm surge is the major contribu-
tor to high water levels in stronger storms.

In an assessment of Atlantic coast dune 
heights from Florida to New York, the re-
searchers found the southeast coasts, because 
of their lower dune elevations, more likely to 
experience overwash, or the landward move-

Parking areas, septic systems, and foundations in South Nags Head, North Carolina, collapsed 
when the underlying dune was eroded during the September 1999 landfall of Hurricane Dennis. 
Figure 1 from USGS Open-File Report 2013–1130, <http://pubs.usgs.gov/of/2013/1130/>.

ment of beach sand, than coastlines farther 
north. Dune heights from Delaware to New 
York are 1.4 meters (4.6 feet) higher, on av-
erage, than the dunes from Maryland south 
to Florida. Of the beaches studied, those on 
the South Carolina coast, where average 
dune elevations are only 2.9 meters (9.5 
feet), are the most vulnerable to overwash. 
Ninety-six percent of coastal locations in the 
State are likely to undergo overwash if a cat-
egory 1 hurricane makes landfall there.

Before Hurricane Sandy, dunes on New 
York’s south shore were among the high-
est on the Atlantic coast, and so during a 
category 1 storm, only 9 percent of these 
coastal areas were likely to experience 
overwash. Still, these high dunes were 
vulnerable to extreme erosion during a 
category 1 hurricane, with 76 percent of 
the dunes very likely to be eroded. Such 
erosion was observed during Hurricane 
Sandy, which made landfall as an extra-
tropical cyclone but pounded the beach 
with hurricane-strength waves and surge. 
The protective sand dunes along barrier 
islands in New Jersey and New York were 
completely eroded in places, increasing 
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(Hurricane-Induced Change continued from page 8)

vulnerability to more extreme erosion dur-
ing future storms. 

But vulnerability doesn’t just come 
down to dune height; scientists credit the 
continuity of the dunes as being one of the 
key reasons coastal vulnerabilities vary 
greatly along the coast. 

“Large areas of the South Carolina coast 
are very likely to erode during hurricanes 
due to long, continuous stretches of low 
dunes. In other areas, such as Delaware 
and New York, the mix of high and low 
dune elevations creates a more complex 
picture of vulnerabilities, where relatively 
safe areas are adjacent to areas that are 
likely to be inundated,” said Stockdon.

“Inundation” is a process by which an 
entire beach system is submerged and, in 
extreme cases, can result in island breach-
ing. Only 9 percent of the entire Atlantic 
coast study area is very likely to be inun-
dated in a category 1 storm, although the 
percent is signifi cantly higher in some re-
gions. If a category 1 storm makes landfall 
on the South Carolina coast, for example, 
34 percent of the beaches and dunes there 
are very likely to be inundated. 

Beaches serve as a natural buffer be-
tween the ocean and inland communities, 
ecosystems, and natural resources. How-
ever, these dynamic environments move 

and change in response to winds, waves, 
and currents. During extreme storms, 
changes to beaches can be large, and the 
results are sometimes catastrophic. Lives 
may be lost, communities destroyed, and 
millions of dollars spent on rebuilding.

These reports and the online mapping 
tool can serve as an important resource for 
coastal planners and emergency managers 
as they work to protect their communities 
from future storms.

The 2013 Atlantic coast publications, 
the 2012 Gulf of Mexico publication, and 
Internet mapping services are available 
online. Their full citations are:
Doran, K.S., Stockdon, H.F., Sopkin, K.L., 

Thompson, D.M., and Plant, N.G., 2013, 
National assessment of hurricane-induced 

Closeup view of Atlantic Beach on Long Island, New York, in USGS Hurricane-Induced Coastal 
Erosion Hazards online interactive tool, <http://coastal.er.usgs.gov/hurricanes/erosionhazards/>. 
Screenshot shows probabilities of (a) collision, in which dune toe is eroded by waves and surge 
(line closest to shore, 90–100 percent in stretch directly in front of “Atlantic Beach” label near cen-
ter of image), (b) overwash, in which sand is transported landward over beach and dune (middle 
line, 75–90 percent in same stretch), and (c) inundation, in which beach and dune are completely 
and continuously submerged (line farthest from shore, 25–50 percent in same stretch) during a 
category 1 storm. Other layers can be chosen to display dune elevations (at crest and toe) and pre-
dicted water levels (mean water levels and extreme water levels) for selected storm categories.

coastal erosion hazards—Mid-Atlantic 
coast: U.S. Geological Survey Open-File 
Report 2013–1131, 28 p. <http://pubs.
usgs.gov/of/2013/1131/>. 

Stockdon, H.F., Doran, K.J., Thompson, 
D.M., Sopkin, K.L., and Plant, N.G., 
2013, National assessment of hurricane-
induced coastal erosion hazards—
Southeast Atlantic coast: U.S. Geological 
Survey Open-File Report 2013–1130, 28 
p. <http://pubs.usgs.gov/of/2013/1130/>.

Stockdon, H.F., Doran, K.J., Thompson, 
D.M., Sopkin, K.L., Plant, N.G., 
and Sallenger, A.H., 2012, National 
assessment of hurricane-induced coastal 
erosion hazards—Gulf of Mexico: U.S. 
Geological Survey Open-File Report 
2012–1084, 51 p. <http://pubs.usgs.gov/
of/2012/1084/>. 

U.S. Geological Survey St. Petersburg 
Coastal and Marine Science Center, 2013, 
National assessment of hurricane-induced 
coastal erosion: U.S. Geological Survey 
website, <http://coastal.er.usgs.gov/
hurricanes/erosionhazards/>.

Waves and surge during Hurricane Sandy (Oc-
tober 2012) left an overwash deposit covering 
roads, parking areas, and homes in Mantoloking, 
New Jersey. Yellow arrows point to the same 
features in each photograph. Figure 2 from USGS 
Open-File Report 2013–1131, <http://pubs.usgs.
gov/of/2013/1131/>.
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Research, continued

Weight-Based Approach to Measuring Coral Growth Offers Valuable Tool for Reef 
Researchers and Managers
New Technique Reveals Surprising Growth Patterns in the Florida Keys
By Ilsa Kuffner, Ann Tihansky, Hannah Hamilton, and Helen Gibbons

An innovative weight-based approach 
to monitoring coral growth in the wild has 
been developed by U.S. Geological Sur-
vey (USGS) researchers and is expected to 
lead to more defi nitive answers about the 
status of coral reefs. 

Corals and other marine organisms 
build their skeletons and shells through 
calcifi cation, the biological process of se-
creting calcium carbonate obtained from 
seawater. The new weight-based approach 
to measuring coral calcifi cation rates 
can provide fi ner scale resolution than 
traditional linear measurements of coral 
growth. It is a valuable tool for researchers 
and managers seeking to understand the 
global decline in coral reefs.

Using the weight-based approach, 
USGS scientists established a new calci-
fi cation-monitoring network in 2009 to 
study coral growth in the Florida Keys. 
They published their results in June 2013 
in the journal Coral Reefs, and their article 
is available for free download at <http://
dx.doi.org/10.1007/s00338-013-1047-8>. 

The researchers measured growth rates 
of the reef-building coral Siderastrea si-
derea (massive starlet coral) at four sites 
in the Florida Keys Reef Tract (see map). 
(Early stages of this study are described 
in “Coral Calcifi cation Rates in South 
Florida During Times of Changing Ocean 
Conditions,” Sound Waves, October/No-
vember 2010, <http://soundwaves.usgs.
gov/2010/11/fi eldwork2.html>.) At each 
of the four sites, the researchers securely 
fastened 10 concrete blocks to the seafl oor. 
For each block, a sample of massive starlet 
coral collected near the study site was ep-
oxied to a plastic disc fi tted with a 10-centi-
meter (4 inch)-long stainless-steel threaded 
bolt. The researchers slid the bolt through a 
hole drilled into the concrete block and fas-
tened it with a wing nut. Thus the disk and 
the coral sample epoxied to it were fi rmly 
attached to the block. Every 6 months, the 
corals-plus-disks were detached from the 
concrete blocks, transported by boat (while 
submerged in seawater), buoyantly weighed 

on land, and returned to their blocks later 
that day. Staining the outer layer of the 
samples at the start of the experiment and at 
springtime site visits allowed the research-
ers also to measure linear growth of the 
corals—the traditional way to monitor coral 
growth. Comparison of the weight data and 
linear-growth data confi rmed their expecta-
tion that weight measurement would prove 
a more precise and effi cient way to calcu-
late calcifi cation rates.

“A coral may grow two millimeters in 
height on the left side of the colony and 
fi ve millimeters on the right, so linear 
measurements are inherently variable and 
require sampling hundreds of corals to 
detect changes in growth over time…our 
method requires only 10 corals per site,” 
said Ilsa Kuffner, USGS scientist and 
lead author of the study.

Using the weight-based approach, 
Kuffner’s team has provided important 
baseline information on spatial and sea-
sonal variability in calcifi cation rates of 
reef-building corals in the Florida Keys. 
For example, they found that colonies of 
the massive starlet coral calcifi ed about 

50 percent faster in summer than in win-
ter. They also discovered that, during the 
study period, the coral grew about 50 
percent faster in the remote Dry Tortugas 
National Park than at three other outer-reef 
tract sites offshore of Miami, Key Largo, 
and Marathon, Florida (see map). The rea-
sons behind this surprising pattern are not 
clear, leaving a mystery sure to pique the 
interest of many reef managers.
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SCUBA diver working on a calcifi cation sta-
tion at Fowey Rocks, Biscayne National Park, 
Florida. Photograph by Carlie Williams, USGS.

Florida Keys, showing four sites (red stars) where calcifi cation rates were monitored by USGS 
researchers who recently reported their fi ndings in Coral Reefs, <http://dx.doi.org/10.1007/
s00338-013-1047-8>. The sites are named for adjacent National Data Buoy Center stations: 
Pulaski Shoal Light, Sombrero Key, Molasses Reef, and Fowey Rocks. Modifi ed from USGS 
Coral Reef Ecosystem Studies (CREST) project webpage “Research: Monitoring Coral Reef 
Growth” at <http://coastal.er.usgs.gov/crest/research-themes/calcifi cation.html>.
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The new approach could be highly 
useful to managers because it can detect 
small changes in growth rate over space 
and time due to its high level of precision. 
Measuring changes in growth is becoming 
increasingly important as corals face chal-
lenges from ocean acidifi cation (decreas-
ing pH caused by increasing atmospheric 
CO2) and other climate-change and land-
use impacts. Additionally, the method uses 
inexpensive and easy-to-fi nd materials, 
and no corals are harmed in the process.

“This tool provides the kind of scientifi c 
information needed to manage coral reefs 
at the ecosystem scale by looking at the 
relationships between coral health, climate 
change, and water quality. It provides part-
ners and reef managers with better, more 
sensitive metrics to assess coral growth, 
identify the most important variables, and 
prioritize strategies to protect and preserve 
these valuable ecosystems,” said Acting 
USGS Director Suzette Kimball. “It is 
also one of the ways USGS science is ad-
vancing the National Ocean Policy by sup-
porting a number of on-the-ground priority 
actions.”

A next step in understanding declines 
in coral growth is discerning the different 
components of water quality that are driv-
ing calcifi cation rates, and this can only be 
achieved through the cooperation of reef 
managers and scientists around the world. 
The real power in the new approach will be 
realized if it is applied across many reefs 
that naturally have different temperature re-
gimes, water quality, and pH conditions.

“The study results suggest that we 
should pay more attention to different 
aspects of water quality if we hope to un-
derstand and predict what will happen to 
coral reefs as oceans continue to change,” 
said Kuffner.

According to Kuffner, managers already 
know that coral reefs are in decline, but 
they want to know why. They need a link-
age between cause and effect that explains 
why reefs are not growing like they used 
to or are not recovering from disease or 
die-off events. Correlating fi nely measured 
coral growth rates with water quality and 
other environmental information is an im-
portant step toward making these linkages 
so they can inform management decisions. 

Coral reefs are in decline globally, with 
the National Oceanic and Atmospheric 
Administration currently proposing to list 
66 reef-building coral species under the 
Endangered Species Act (http://www.
nmfs.noaa.gov/pr/species/invertebrates/
corals.htm). Identifying the cause of the 
decline is not straightforward. Oceano-
graphic instruments have confi rmed that 
the ocean is warming, acidifying, and 
changing in other aspects of water quality. 
Warming and acidifi cation are results of 
altered carbon distribution due to burn-
ing of fossil fuels; other changes in water 
quality stem largely from land-use chang-
es. Laboratory studies demonstrate that all 
three of these environmental stressors can 
hinder coral growth, but linking the caus-
ative agents to reef decline in the natural 
environment requires dependable, precise 
methods to detect change over time.

This study is part of a larger USGS Cor-
al Reef Ecosystem Studies (CREST) proj-
ect aimed at understanding the status, con-
struction, and resilience of shallow-water 
reef environments around Florida and U.S. 
Caribbean islands, and forecasting future 
change to inform reef-management strate-
gies. Current areas of research include 
the Dry Tortugas, U.S. Virgin Islands and 
Biscayne National Parks, and selected 
areas of the Florida Keys National Marine 
Sanctuary. 

To learn more about the CREST project, 
please visit the website at <http://coastal.
er.usgs.gov/crest/>.

To learn about USGS coral reef stud-
ies in the Pacifi c region, visit the USGS 
Pacifi c Coral Reefs Website, <http://
coralreefs.wr.usgs.gov/>.

To learn more about the methods used 
during the coral-growth study, read “Meth-
ods for Monitoring Corals and Crustose 
Coralline Algae to Quantify In-Situ Calci-
fi cation Rates,” USGS Open-File Report 
2013–1159, posted at <http://pubs.usgs.
gov/of/2013/1159/>.

The full citation for the recent article in 
Coral Reefs is:
Kuffner, I.B., Hickey, T.D., and Morrison, 

J.M., 2013, Calcifi cation rates of the 
massive coral Siderastrea siderea and 
crustose coralline algae along the Florida 
Keys (USA) outer-reef tract: Coral 
Reefs, published online June 8, 2013, 
doi:10.1007/s00338-013-1047-8 <http://
dx.doi.org/10.1007/s00338-013-1047-8>.

(The coral-growth study was conducted 
under scientifi c permits from the Florida 
Keys National Marine Sanctuary and the Na-
tional Park Service. The USGS Coastal and 
Marine Geology Program funded the major-
ity of the study, and the U.S. Department of 
the Interior [DOI] Southeast Climate Science 
Center provided supplementary funds.)

Underwater photograph of a calcifi cation 
station (1 of 40). Attached are a colony of 
the reef-building coral Siderastrea siderea 
(top), a temperature logger (black, on 
right), and an “accretion tile” (white, on 
left) for collecting crustose coralline algae, 
calcifying organisms that help cement reefs 
and provide reef-building coral larvae a 
place to settle. The growth rates of these 
important calcifi ers were also monitored 
during the study. Figure 2 from “Calcifi cation 
rates of the massive coral Siderastrea 
siderea and crustose coralline algae along 
the Florida Keys (USA) outer-reef tract” 
in Coral Reefs, <http://dx.doi.org/10.1007/
s00338-013-1047-8>.

Massive starlet coral, Siderastrea siderea. 
Photograph by Ilsa B. Kuffner, USGS.
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On California’s Beaches, Mallard Ducks Have Learned to Surf for Food
By Ben Young Landis

Slightly modifi ed from “WERC from the 
Field” story at <http://www.werc.usgs.
gov/outreach.aspx?RecordID=186>

Mallards (Anas platyrhynchos)—that 
familiar duck species ubiquitous to park 
ponds with males parading their emerald-
green heads—have picked up a new feeding 
habit along the beaches of Santa Barbara.

These ducks have learned to surf. For 
sand crabs.

U.S. Geological Survey (USGS) West-
ern Ecological Research Center scientist 
Kevin Lafferty and John McLaugh-
lin and Jenifer Dugan of the University 
of California, Santa Barbara, reported 
this newly observed feeding behavior 
in the June 2013 issue of The Wilson 
Journal of Ornithology, <http://dx.doi.
org/10.1676/12-141.1>.

“We watched as a swash (the part of a 
broken wave that washes up a beach) ap-
proached a Mallard (Anas platyrhynchos) 
from behind, lifted it, and deposited it 
down the beach; the bird then stuck its 
bill in the sand, swept it from side to side, 
dug, captured a Pacifi c sand crab (Emerita 
analoga) and swallowed it; this occurred 
again and again.”

The scientists described the surfi ng 
behavior further: “Unlike foraging shore-
birds, Mallards do not avoid incoming 
swashes. Instead, the incoming swash lifts 
and deposits them down the beach.”

Lafferty and colleagues fi rst observed 
this behavior at Coal Oil Point Reserve 
(http://coaloilpoint.ucnrs.org/) near the 
UC Santa Barbara campus in 2011. The 
behavior continues to be observed in Santa 
Barbara Mallards, and is now also known 
from Mallards in Ventura and San Diego 
County, as well as Coos Bay in Oregon.

Sand crabs are quick burrowers adept at 
escaping human fi ngers and hungry preda-
tors, as any surf angler or curious child 
knows. The only other ducks known to 
feed on them are scoters (genus Melanit-
ta), which are specialized for sea diving. 
Black Brants (Branta bericla nigricans) 
have also been seen to feed in the surf 
zone on sand crabs.

But Mallards are a freshwater species 
that mostly “dabbles” at the water surface 
for food bits. How did they learn to surf 
and dig for little sand crabs? Is this a case 
of duck-see, duck-do?

The scientists speculate:
“It is possible that this behavior is a 

recent by-product of adaptation to human-
dominated landscapes. Mallards common-
ly occur at wetlands and parks near sandy 
beaches and are tolerant to human activi-
ties. Continual exposure to novel feeding 
opportunities in these areas might have 
eventually predisposed some Mallards to 
mimic shorebirds feeding in the swash 
zone. In any case, Mallards can now be 
considered a part of the sandy beach food 
web along the west coast.”

The full citation for the recent report is:
Lafferty, K.D., McLaughlin, J.P., and Dugan, 

J.E., 2013, Novel foraging in the swash 
zone on Pacifi c sand crabs (Emerita 
analoga, Hippidae) by Mallards: The 
Wilson Journal of Ornithology, v. 125, 
no. 2, p. 423–426, doi:10.1676/12-141.1 
<http://dx.doi.org/10.1676/12-141.1>.

Screenshot from a video of surf-
feeding behavior at William Randolph 
Hearst Memorial State Beach in San 
Simeon, California, January 2013. 
Watch the video, by “WERC from 
the Field” reader Joanne Aasen, 
at <http://www.fl ickr.com/photos/
cambriabird/8354888665/>.

Research, continued

Research

A male Mallard in fl ight. 
Photograph courtesy of 
the U.S. Fish and Wildlife 
Service.

Mallards observed feeding in the surf. 
Photograph courtesy of Dave Hubbard, 
University of California, Santa Barbara.

A sand crab or mole crab. Photograph courtesy 
of the California Academy of Sciences.
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Outreach

 Inspiring Girls To Pursue 
Careers in STEM
By Rex Sanders

How can we inspire girls to pursue ca-
reers in science, technology, engineering, 
and mathematics (STEM)? An informal 
group of scientists at the U.S. Geological 
Survey (USGS) Pacifi c Coastal and Ma-
rine Science Center (PCMSC) decided to 
help. On Earth Day, April 22, 2013, fi ve 
women scientists from the science center 
gave presentations and answered questions 
for girls and parents at Gateway School in 
Santa Cruz, California. 

Although girls perform as well as or 
better than boys on many indicators of 
educational achievement, women lag 
behind men in STEM careers. A report 
published in 2011 by the Department of 
Commerce (http://www.esa.doc.gov/
Reports/women-stem-gender-gap-
innovation) contains these statistics:

• 24 percent – Scientists and engi-
neers who are women 

• 28 percent – Tenure-track STEM 
faculty who are women

• 41 percent – Ph.D.s in STEM fi elds 
earned by women

(For the record, approximately 40 per-
cent of STEM jobs at the USGS Pacifi c 
Coastal and Marine Science Center are 
held by women.)

The gap between women and men starts 
early. Whereas girls and boys perform at 
similar levels in mathematics and science 
in elementary school, girls show less-
positive attitudes toward science and have 
fewer out-of-school science experiences 
than boys. According to a report by 
the Commission on the Advancement 
of Women and Minorities in Science, 
Engineering and Technology Development 
(http://www.nsf.gov/publications/
pub_summ.jsp?ods_key=cawmset0409), 
by eighth grade, only half as many girls as 
boys show an interest in STEM careers.

Scientists at the PCMSC, many of them 
parents, started discussing how they could 
inspire girls to pursue STEM careers. 
For the presentation at Gateway School, 
they set up a panel of very accomplished 
USGS women in STEM to discuss their 
exciting and fulfi lling careers and inspire 

girls to pursue similar paths. The women 
shared their experiences, answered ques-
tions about what they do and how they 
got there, and described some of their 
successes and struggles. The panel mem-
bers were: Amy Draut, Ph.D., geologist; 
Andrea O’Neill, M.S., meteorologist-
oceanographer; Li Erikson, Ph.D., engi-
neer; Nadine Golden, M.A., geographer; 
and Nancy Prouty, Ph.D., geochemist. 
Curt Storlazzi, Ph.D., a geologist whose 
daughter attends Gateway School, pro-
moted the program.

“I enjoyed the experience,” said 
O’Neill. “It’s good to know there are en-
gaged parents and eager girls out there 
who are just starting to fi gure out their 
path in life and want to learn about the 
varied courses ahead of them.” 

Golden said, “An interesting aspect 
that I did not anticipate was the level of 
personal honesty that we were all able to 
share during the discussion about barriers 
girls face to STEM careers. Some bar-
riers are well-known, documented, and 
observed, but there are many more that are 
subtle and diffi cult to defi ne.”

One girl said she was excited to learn 
that so many women could do such fun 
and interesting things outdoors for their 
jobs. A parent said her daughter was hap-
py to learn that she could make maps for 

USGS scientists inspiring girls, 
left to right: Amy Draut, Nadine 
Golden, Li Erikson, Andrea 
O’Neill, and Nancy Prouty, 
with students from Gateway 
School, Santa Cruz, California.

“If we’re going to out-innovate and 
out-educate the rest of the world, 
we’ve got to open doors for every-
one. We need all hands on deck, 
and that means clearing hurdles for 
women and girls as they navigate 
careers in science, technology, engi-
neering and math.”

—First Lady Michelle Obama, 
September 26, 2011
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a career. Eight girls attended with their 
parents around dinnertime. Storlazzi said, 
“I hope next time we get a time slot dur-
ing school hours.”

MMONDAY, APRIL 22              

GGIRLS MAKING A DIFFERRENCE 
IIN THE WORLD  

CCAREERS IN SCIENCE, TTECHNOLOGY, 
EENGINEERING, AND MATHHEMATICS (STEM)   

Please join us for a family-friendly evening featuring a panel 
of very accomplished women in STEM fields who currently 
conduct research with the U.S. Geological Survey here in 
Santa Cruz. The women will discuss their exciting and 
fulfilling careers and hopefully inspire young girls to pursue 
similar paths. All are welcome!  

 

 

OUR PANEL: 
 

*AMY DRAUT, PH.D.          
(GEOLOGIST) 

*ANDREA O’NEILL, M.S. 
(METEOROLOGIST / 
OCEANOGRAPHER) 
*LI ERIKSON, PH.D. 

(ENGINEER) 
*NADINE GOLDEN, M.A. 

(GEOGRAPHER) 
*NANCY PROUTY, PH.D. 

(GEOCHEMIST) 
 
 
 

 

 

FAMILY DINNER: 
PIZZA, VEGGIES & 

FRUIT WILL BE 
SERVED 

 

 

 
MANY THANKS TO 

THE U.S. GEOLOGICAL 
SURVEY PACIFIC 

COASTAL & MARINE 
SCIENCE CENTER AND 

GATEWAY SCHOOL 

5:45 – 7 PM 
West Cliff Room at 

GGATEWAY SCHOOL  
318 Eucalyptus Avenue 
Santa Cruz, CA 95060 

(831) 423-0341 

www.gatewaysc.org 

Flyer announcing the April 22, 2013, STEM night at Gateway School, Santa Cruz, California.

The informal USGS group plans 
to refi ne the format on the basis of 
feedback from educators, parents, and 
girls; expand to other schools in the 

area; repeat their presentation as girls 
move through school; and involve the 
approximately 30 other women in STEM 
at the PCMSC.
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Meeting to Coordinate USGS Data Management to Support Ocean Planning
By the USGS Blueprint Team for Ocean Planning

Americans use their coastal ocean in 
many ways: fi shing for food; drilling 
for oil; shipping fuels and manufactured 
goods; fi shing, boating, and diving for 
enjoyment; U.S. Navy activities; and 
more. As we increase our use of the 
ocean, these activities are coming into 
confl ict with each other. To resolve 
these confl icts, those who care about 
how we use the sea, and how we keep 
it clean and productive, can participate 
in a process called “ocean planning,” 
which is part of the 2013 National Ocean 
Policy Implementation Plan (http://www.
whitehouse.gov/administration/eop/
oceans/implementationplan). Successful 
ocean planning will require a regional 
public process that considers all parties 
and all ocean uses, and it will also require 

Diagram illustrating the 
proposed process for 
coordinating USGS data 
management to support ocean 
planning. “Actors” in the 
process (stick fi gures) are 
the humans, organizations, 
and computers responsible 
for specifi c actions (ovals). 
Arrows indicate the general 
fl ow of events, beginning with 
communication of the data 
needs of external ocean-
planning groups and ending 
with registration of relevant 
USGS data and associated 
metadata (“data about data”) 
with the Data.gov ocean 
community (http://www.data.
gov/ocean/). The envisioned 
process can be applied 
to support other national 
initiatives in addition to ocean 
planning. 

trustworthy scientifi c data addressing 
ocean ecosystems and resources, the 
changing ocean environment, and the 
effects of both human activities and 
natural events. The U.S. Geological 
Survey (USGS) is one of the Federal 
agencies that will provide these data. 

Providing scientifi c data to support 
ocean planning is not trivial. The data must 
provide answers to the right questions; 
it must have documentation so that it 
can be found and used; it must be in a 
format that allows it to be compared 
and combined with other kinds of data 
from other agencies; and its quality 
must be undeniable. The USGS already 
has established “best practices” for data 
management (for more information, see 
http://www.usgs.gov/datamanagement/) 

and Fundamental Science Practices that 
ensure the quality of our scientifi c products 
(for more information, see http://www.
usgs.gov/fsp/). The current challenge for 
USGS data managers is to apply what they 
know to meet the needs of the National 
Ocean Policy.

To launch this effort, the USGS 
Blueprint Team for Ocean Planning 
convened a meeting to coordinate data-
management activities to support ocean 
planning, February 20–21, 2013, at USGS 
Headquarters in Reston, Virginia. The 
intention of the meeting sponsors was 
to develop a fl exible process that could 
be implemented throughout the USGS 
in support of many national initiatives 
in addition to ocean planning. A pilot 

Meetings

Meetings

(Ocean Planning continued on page 16)
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project focusing on data from the Coastal 
and Marine Geology Program (http://
marine.usgs.gov/) will be used to refi ne 
this cooperative process for identifying 
appropriate datasets, evaluating their 
quality and usefulness, making necessary 
improvements, submitting them to online 
data-delivery services, and registering 
their metadata (“data about data”) with 
online data catalogs such as the National 
Ocean Council portal on Data.gov 
(http://www.data.gov/ocean/). Meeting 
participants also identifi ed essential 
areas of cooperation between the Coastal 
and Marine Geology Program, the Core 
Science Systems mission area (http://
www.usgs.gov/core_science_systems/), 
and the Offi ce of Science Quality and 
Integrity (http://www.usgs.gov/quality_
integrity/) in developing the process. 
In the future, the process will expand 
to include additional USGS science 
programs with the help of the Science 
Data Coordinator Network (http://www.
usgs.gov/datamanagement/partners/
SDCN.php) and the Community for 
Data Integration (http://www.usgs.gov/
datamanagement/partners/CDI.php). 

Key aspects of managing USGS data 
to support ocean planning are:

• Development of the role of “data 
ambassador” to communicate 
with external planning groups 
that need scientifi c data and to 
convey their requirements to 
USGS data managers.

• Assignment of responsibility 
to Core Science Systems for 
maintaining the “pipeline” for 
registering USGS data products 
with Data.gov and its specialized 
communities (for more informa-
tion on Data.gov communities, 
see http://www.data.gov/
communities).

• Clarifi cation of USGS standards 
and policies for data and meta-
data to ensure that USGS data 
products meet requirements for 
quality and interoperability.

• Use of standards-based online 
data-delivery services and data 
catalogs (for more information 
on these standards see http://
www.opengeospatial.org/
standards).

Meeting participants from across the 
USGS included Fran Lightsom, Alan 
Allwardt, Kristy Guy, VeeAnn Cross, 
Carolyn Degnan, Greg Miller, Susan 
Russell-Robinson, and Rich Signell from 
the Coastal and Marine Geology Program; 
Andrea Ostroff, Mark Fornwall, 
Lisa Zolly, Viv Hutchison, and Mike 
McDermott from Core Science Analytics 
and Synthesis; Peter Schweitzer 
from the Mineral Resources Program; 
Barbara Poore and Doug Nebert from 
the National Geospatial Program; Steve 
Char from the National Water-Quality 
Assessment Program; Heather Henkel 
from Priority Ecosystems Science; and 
Keith Kirk from the Offi ce of Science 
Quality and Integrity. The charge to 
the meeting was presented by Kevin 
Gallagher, Associate Director for Core 
Science Systems, and John Haines, 
Program Coordinator for the Coastal and 
Marine Geology Program.

For more information on the USGS 
Blueprint Team for Ocean Planning, 
please contact Fran Lightsom 
(fl ightsom@usgs.gov) or Andrea Ostroff 
(aostroff@usgs.gov).

Meetings, continued

Meetings, Awards

Awards

(Distinguished Service continued on page 17)

(Ocean Planning continued from page 15)

U.S. Geological Survey (USGS) 
emeritus geologist Michael E. Field 
has been awarded the highest merit 
award of the Department of the Interior, 
the Distinguished Service Award, in 
recognition of his outstanding scientifi c 
contributions to the study of coastal 
and marine geology and his exemplary 
leadership within the USGS and the 
scientifi c community. The honor was 
announced at a Pacifi c Coastal and Marine 
Science Center awards ceremony in Santa 
Cruz, California, on June 19, 2013. The 
citation letter, signed by Interior Secretary 
Sally Jewell on May 2, 2013, describes 
Mike’s many achievements:

“Dr. Field’s four-decade career as a 
geologist for the U.S. Government en-
compasses complex research that spans 

the globe from deep-sea fans to shallow 
coral reef environments. Dr. Field is a 
world leader in the study of coastal and 
marine sedimentology using a range of 
cutting-edge methods. As a pioneer of the 
fi rst U.S. effort to systematically map the 
U.S. Exclusive Economic Zone (EEZ) 
in the Pacifi c Ocean, he conceptualized, 
led, and conducted creative studies of 
the morphology and sedimentology of 
continental shelf systems. These efforts 
spurred his interest in marine stratifi cation 
in response to changes in sediment input, 
sea level, and climate change, about which 
he is now an acknowledged international 
expert. During the 1990s, Dr. Field served 
as the USGS Pacifi c Marine Geology 
Branch Chief. While leading the Branch, 
he guided the evolution of a national 

program for USGS Coastal and Marine 
studies and defi ned major new research 
directions that included important marine 
geologic hazard and environmental issues. 
As part of this transition, he conceptual-
ized and spearheaded the USGS Coastal 
and Marine Geology Program’s efforts to 
study the Nation’s coral reefs. This effort, 
continuing for more than a decade, has 
solidifi ed the role of the USGS Coastal 
and Marine Geology Program as a world 
leader in mapping, measuring, and model-
ing terrestrial sediment impacts to coral 
reefs, garnering numerous awards and ac-
colades from the USGS and international 
coral reef community. Dr. Field’s expertise 
and vision for the future led him to es-
tablish the USGS Pacifi c Science Center 

Mike Field Receives Department of the Interior’s 
Distinguished Service Award
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Awards, continued

(Bootstrap Geologist continued on page 18)

(Distinguished Service continued from page 16)

and made it a founding member of the 
Monterey Bay Research Crescent Ocean 
Research Consortium, which comprises 
26 organizations and is the largest con-
centration of marine science educational 
and research institutions in the world. Dr. 
Field has been active in several profes-
sional societies, serving as Treasurer of the 
National Society for Sedimentary Geol-
ogy and on the editorial boards of Marine 
Geology and the Journal of Sedimentary 
Research. He is a superb leader who has 
inspired and motivated many young and 
senior scientists.

“For his outstanding scientifi c contribu-
tions to the study of coastal and marine 
sedimentology, and for his leadership to 
the USGS and the scientifi c community 
at large, Dr. Michael E. Field is granted 
the highest honor of the Department of 
the Interior, the Distinguished Service 
Award.”

USGS emeritus geologist Michael E. Field (left) receives the Department of the Interior’s highest 
honor, the Distinguished Service Award, from USGS Pacifi c Coastal and Marine Science Center 
Director Bob Rosenbauer. USGS photograph by Helen Gibbons.

Publications

Gene Shinn Writes Bootstrap Geologist—My Life in Science 
By Helen Gibbons

On a May evening in Pittsburgh, 
Pennsylvania, at the 2013 convention 
of the American Association of Petro-
leum Geologists, retired U.S. Geological 
Survey (USGS) geologist Gene Shinn 
sat at a table signing copies of his new 
book, Bootstrap Geologist—My Life in 
Science. Gene was greeted with pleasure 
by numerous colleagues—from the oil 
industry, where he began his career; from 
the USGS, where he spent the greater 
part of it; and from academia, a world he 
recently joined as a courtesy professor at 
the University of South Florida.

Gene’s new book details experi-
ences and discoveries from each of these 
worlds, amassed over a career that has 
spanned nearly fi ve decades.

Gene began as a lab assistant with 
Shell Development Company’s Coral Ga-
bles Carbonate Research group. One of 
his Shell supervisors, Marlan Downey, 
cites Gene’s energy, open mind, extraor-
dinary level of curiosity, and powers of 
observation as the qualities that propelled 

him from lab assistant to senior geologist 
at Shell. Those same qualities, aided by 
his boating and scuba skills, led Gene to 
discoveries that were controversial for the 
time, such as his realization while diving 

marine cementation (http://soundwaves.
usgs.gov/2000/05/awards2.html), and 
he branched out into many new areas of 
research, such as measuring rates of coral 

Gene Shinn signs copies of his book, Bootstrap Geologist—My Life in 
Science, at the American Association of Petroleum Geologists Annual 
Convention in Pittsburgh, Pennsylvania, May 2013.

in the Persian Gulf 
that limestone ce-
ment can form in 
saltwater, not just 
in freshwater.

After a varied 
and rewarding 15 
years with Shell, 
Gene joined the 
USGS in 1974, tak-
ing a job that he 
writes “would lead 
to the most produc-
tive thirty-one years 
of my life.” His 
curiosity unabated, 
Gene kept his eye 
on topics that had 
interested him at 
Shell, such as sub-



18July/August 2013    Sound Waves

(Bootstrap Geologist continued from page 17)

Publications

Publications, continued

 Ackerman, J.T., Herzog, M.P., Herring, 
G., Hartman, C.A., Bluso-Demers, J., 
and Robinson-Nilsen, C., 2013, Impact 
of salt pond restoration on California 
Gull displacement and predation on 
breeding waterbirds: Report prepared 
for the South Bay Salt Pond Restoration 
Project and Resources Legacy Fund, 83 p. 
<http://www.southbayrestoration.org/
documents/technical/>.
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change: International Journal of Remote 
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Cochran, S.A., 2013, Photography 
applications, chap. 2 of Goodman, 
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usgs.gov/of/2013/1131/>.

Dunne, J.A., Lafferty, K.D., Dobson, A.P., 
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web structure primarily through increased 
diversity and complexity: PLoS Biology, 
v. 11, no. 6, e1001579, doi:10.1371/
journal.pbio.1001579 <http://dx.doi.
org/10.1371/journal.pbio.1001579>.

Edwards, B.D., Childs, J.R.,Triezenberg, 
P.J., Danforth, W.W., and Gibbons, H., 
2013, 2010 Joint United States-Canadian 
Program to explore the limits of the 
Extended Continental Shelf aboard U.S. 

growth as a clue to coral health (http://
soundwaves.usgs.gov/2011/04/research.
html) and investigating the ecologic ef-
fects of African dust carried by winds to 
the Caribbean (http://soundwaves.usgs.
gov/2002/09/research2.html). 

Still going strong after retiring from 
the USGS in 2006 (http://soundwaves.
usgs.gov/2006/02/staff2.html), Gene 
received the Twenhofel Medal, the 
highest award given by the Society for 
Sedimentary Geology, in 2009 (http://
soundwaves.usgs.gov/2008/12/awards.
html). He continues doing science 
and service work from his offi ce at the 
University of South Florida’s College of 
Marine Science, where he also penned 
the new book.

Not just an innovative researcher, 
but also an innovative communica-
tor, Gene Shinn uses his “fl ushable 
toilet” model to demonstrate how 
sewage fl ushed or injected into 
shallow disposal wells fl ows through 
porous limestone underlying the 
Florida Keys. (He received the 2002 
USGS Shoemaker Award for Distin-
guished Achievement in Communi-
cations, <http://soundwaves.usgs.
gov/2003/03/awards.html>.)

Recently Published Articles

(Recently Published continued on page 19)
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